Microsystems-based products are a key value-adding element for many sectors of industry, and the predicted nanotechnology future will also be largely delivered by microtechnologies. While the late 20th century has seen a silicon-based microelectronics revolution, the 21st century looks forward to the adoption of micro and nanotechnologies making use of a variety of materials, components, and knowledge-based technologies that provide functionality and intelligence to highly miniaturized systems. Although there may be commercial advantages to leveraging the present suite of IC-based processes and materials, they will not be able to meet the demands of emerging products for threedimensional and high aspect ratio structures, enhanced-force microactuation, improved environmental resistance, high precision, and unification and standardization [1, 2] . The existing imbalance between the ease with which batch-fabricated microcomponents and microsystems can be produced in silicon, compared with the difficulties and costs associated with their manufacture in other materials, hinders the introduction of new microsystems-based products into the market. To broaden the range of microsystemsbased products and simultaneously multiply their capabilities requires the integration of new materials and precision engineering technologies for their processing with IC-based, batch-fabrication processes. These are major challenges in developing new products that, at the same time, represent promising research and development areas for innovation and value creation.
In this context, the focus of this Special Issue is on development challenges associated with emerging products in three important application areas; microfluidics, microsensors and actuators, and micro-optics, together with manufacturing capabilities required to address them. This Special Issue was prepared from selected contributions to the Multi-material Micro Manufacture Conference in Karlsruhe, Germany (4M2005) organized by the 4M Network of Excellence, one of the European knowledge communities in MNT [3] . The 4M2005 conference was an interdisciplinary forum for debating microtechnologies for batch-processing and the development of new production platforms to meet demands for:
(a) product miniaturization through innovative integration and development of knowledge-based technologies and production concepts (especially micro and nano) for the processing of non-silicon materials; (b) prediction of product and process performance to reduce/manage the risk during product development and production, and to reduce time to market for the next generation of microsystems-based products; (c) future product platforms to meet the requirements of the next generation of microsystems-based products, and of more stringent regulations and environmental legislation; (d) production scale-up to ensure effective and efficient transfer of product and technology ideas from laboratories to serial production.
This Special Issue includes papers addressing manufacturing challenges in developing multi-material microproducts. The Special Issue begins with a paper by Velten et al. that describes a concept and the development of an intelligent intraoral drug delivery microsystem that incorporates sensors and microfluidic components. Two papers then discuss problems associated i with the design and manufacture of fluidic microsystems. The paper by Richter et al. examines design requirements and manufacturing constraints in creating multi-material micropumps. Whereas Bundgaard et al. discusses different process chains for rapid and low-cost prototyping of all-Topas w microfluidic systems that include combinations of micromilling, and thermal and laser bonding.
Reflecting the importance of sensors and actuators in microsystems-based products three papers examine design implication of combining different materials in their manufacture. The paper by Meuwissen et al. discusses the design of a capacitive pressure sensor fabricated in non-silicon materials where simulation and experimental techniques were applied for product optimization. Then, Matovic describes a new method for compensating the stresses in bimaterial cantilevers by benefiting from the advantages offered by the material properties of nickel in layer-based microstructures. Next, the paper by Bowen et al. discusses material issues in designing composite actuators and sensors that are manufactured by introducing a ferroelectric ceramic into a ductile polymer matrix.
A range of microtechnologies can be used to produce masters for serial manufacture of microcomponents in various materials. The paper by Uriarte et al. compares technical capabilities and cost effectiveness of micromilling, micro-electrodischarge machining, laser ablation, electrochemical machining, and electroforming for the manufacture of metal tooling inserts for hot embossing and injection moulding. Then, three papers discuss in detail the manufacturing constraints and processing issues associated with the use of three different technologies for microstructuring. The paper by Popov et al. 
S S Dimov
Manufacturing Engineering Centre, Cardiff University, Cardiff, UK
